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Abstract 
Saline soil is distributed widely in the northeast of Thailand. Groundwater is found to carry the dissolved salts from a deep 
underground to the soil surface and the evaporation dries the salts out leaving the white crust on the ground. Human 
activities commonly interrupt the balance of the subsurface system. One of the human factors is reservoir construction and 
operation. This study investigates the impacts of reservoir operation on the subsurface conditions in a saline soil in 
Thailand. Rainfall, water levels in the reservoir and down gradient of the reservoir, groundwater level and EC are 
monitored from December of 2011 to January of 2012. Statistical analysis is performed on this data. It can be concluded 
that the groundwater level in this study is correlated well with the water level in the reservoir. The rise of the groundwater 
level is not associated with the salinity in most of the area with some exception. These locations should be long term 
monitored as it shows the salinity risk toward the rise of the groundwater level and so the reservoir operation.  
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1. Introduction 
Salinization is a process that increases concentration of soluble salts in soil and water. ‘Primary 
Salinization’ occurs when salts accumulate in the soils and groundwater over an area for a long period due to 
some natural processes. Salinity can typically be observed in low-lying discharge sites as they are seen with 
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white crusts on the surface. Protecting the saline ground from livestock and other human activities would 
often allow native salt tolerant plants to grow and cover the ground, thus reduce evaporation, lower the 
watertable locally, and improve the visual appearance. 
Various human activities can interrupt this natural equilibrium changing the distribution of salt in the 
environment. Generally, salinity problems occur when more water is added to the local groundwater system 
than is discharged under natural conditions. Removal of natural vegetation and infiltration or leakage from 
constructed reservoirs or dams can bring the level of the watertable to rise and carry stored salts to the soil 
surface and waterways. Salinity levels in the groundwater will likely be altered as the results of natural 
recharge disruption. The main impact of dams and reservoirs on soil quality is salinization in relation to 
irrigation mainly due to the maintenance of a high groundwater level (Cause, 2001; GSA, 2009).  
However, it is still ambiguous how a reservoir would have an impact on groundwater level and salinity in a 
saline area. Therefore, the objective of this work is to investigate the impact of surface water storage on the 
groundwater level and salinity changes. The study area is located in the Lower Nam Kam River Basin in 
Nakhon Panom province in Thailand.  
2. Study area 
Saline soil can be found in many regions of Thailand, particularly in the northeast of Thailand. The Maha 
Sarakham Foundation, which is composed of imbedded salt rock layers, extensively underlies the northeastern 
part of Thailand and is the main source of salinity in the region (Wongsomsak, 1986). The salinity 
accumulation on the surface soil by brackish groundwater is influenced by the groundwater depth. Several 
field data showed that the groundwater level affecting the surface soil salinity was less than one and half 
meters from ground surface and it was confirmed that the saline soil was mainly caused by the capillary rise 
of brackish water and by the accumulation of salt occurred at the soil surface (Seeboonruang, 2009).  
Nakhon Panom Province is located in the northeastern part of Thailand along the Great Mekong River 
where the river borders the provincial boundary and the Lao People’s Democratic Republic. The yearly 
evaporation rate is above 1,400 mm. The average annual rainfall varies between 1,400 mm and 2,580 mm. It 
can be seen that the province has similar rates of rainfall and evaporation. The main study area lies in the 
Lower Nam Kam River Basin, includes three districts or Amphoes: Amphoe Nakae, Amphoe Renu Nakhon, 
and Amphoe That Panom, and has a total area of approximately 1,300 km2. Nam Kam River, which is the 
main river in the province, flows from west to east and reaches the Great Mekong River at Amphoe That 
Panom. A reservoir was constructed in the low-lying area of the Nam Kam basin and started operation since a 
few years ago. The reservoir is located right in the middle of the floodplain where flood always occurs every 
rainy season.  
3. Methodology 
3.1 Data collection 
Secondary data was obtained from various regional and local government offices. The data included 
geographic maps from the Royal Thai Survey Department, land use maps from the Land Development 
Department, annual rainfall data from the Meteorological Department, surface water quality data from the 
Pollution Control Department, water level in the reservoir from the Lower Nam Kam River Basin Irrigation 
Project and boring log and groundwater data from the Groundwater Resource Department.  
3.2 Groundwater sampling and measurement 
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To collect groundwater samples, the boreholes were purged until all the water previously in the holes was 
flushed out. After 24 hours of purging, groundwater level was measured and groundwater samples were 
collected. The groundwater samples were measured in situ for pH, salinity, electrical conductivity (EC), and 
total dissolved solids (TDS). There were twenty-two groundwater-sampling sites. The measurements were 
performed from December 1, 2010 to January 31, 2012 and twice a month.  
3.3 Data analysis 
The groundwater data was interpolated using the piecewise polynomials interpolation through the least 
square errors method. The rainfall data was regenerated using the moving average method to smooth out the 
fluctuations in the raw data. Correlation analysis was performed between the moving averaged rainfall, 
interpolated groundwater level, upgradient and downgradient surface water level in the reservoir. The rate of 
change of EC per change of groundwater level was computed and normalized by the groundwater EC.  
4. Results 
4.1. Rainfall and water level in the reservoir 
Fig. 1 (a) shows the fluctuations of rainfall, water level in the reservoir (upgradient) and water level below 
the reservoir (downgradient) particularly between the rainy season months (May to September). The 
upgradient water normally is kept at 138 m.a.m.s.l. The water level below the reservoir is much dependent on 
the rainfall rate.  
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Fig. 1. (a) Rainfall, upgradient and downgradient water levels in the reservoir; (b) EC measured from four observation wells. 
4.2 Groundwater level and quality 
Depth to groundwater was measured from the twenty-two observation wells. Results of the groundwater 
measurement are shown in Fig. 2. These are observations wells BDD and BSL_J. These wells are located in 
different directions around the floodplain area. In the beginning of the year, the depth to groundwater 
increases corresponding to the end of the dry period. After the mid of April, the depth to groundwater 
decreases to almost zero (surface) in some locations especially those in the low-lying area. Then the 
groundwater depth increases again in the middle of September.  
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EC is used as a representative of groundwater salinity as suggested in Franzen (2007). Groundwater EC is 
shown in Fig. 1 (b). The magnitude of EC varies almost three orders. The studies by Seeboonruang (2009) 
show that the groundwater in the northwest of the study area is very saline ranging to almost five order of 
magnitude higher than the average EC, while groundwater in other areas are slightly brackish to non-saline.  
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Fig. 2. Measured and interpolated depth to groundwater at two representative observation wells; BDD and BSL_J. 
5. Discussion 
5.1. Groundwater interpolation 
The data of groundwater depth measured from all observation wells are interpolated by the piecewise high 
order polynomial functions. The interpolated depth to groundwater matches well with the raw data as shown 
in Fig. 2. The error square for each set of data is less than 5%. 
5.2. Correlation between rainfall, surface water level and groundwater level 
In the dry season, the upgradient surface water in the reservoir is positively correlated with the 
downgradient level in the reservoir. This indicates that the water level upgradient of the reservoir directly 
influences the water level downgradient of the reservoir. The level of the upgradient and downgradient waters 
in the reservoir is not well correlated with the rainfall intensity, indicating that the release of the water in the 
reservoir may not be influenced by rainfall since it could be related to the need of the water for irrigation. 
Similarly, there is no apparent relationship between rainfall and the depth to groundwater at any well. This is 
expected because there is less rainfall in the dry season and hence the groundwater level should be 
independent of the rainfall intensity. On the other hand, the depth to groundwater is well negatively related to 
the upgradient and downgradient water levels in the reservoir. This suggests that when the water level in the 
reservoir is high and the groundwater table is shallow. This is expected both in the rainy and dry seasons. On 
average, the groundwater level in the study area fluctuated correspondingly because the correlation 
coefficients between depths to groundwater in the observation wells are highly positive correlated.  
Table 1 shows the correlation coefficients between rainfall, water levels upgradient and downgradient of 
the reservoir, and the depth to groundwater at the observation wells. The groundwater data in the table is 
selected as the representative of the overall groundwater data from twenty-two sites. The relationship between 
the upgradient and downgradient water levels in the reservoir is irrelevant in the rainy season. This can imply 
that the water levels can be influenced by other factors, e.g. rainfall intensity. In addition, the relationship 
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between rainfall and the water level in the reservoir is not recognized in this study. This is similar to the 
conclusion for the dry season. This could indicate that the water level is controlled mainly by other factor 
such as the water consumption by irrigation but is not controlled by the rainfall. The depth to groundwater is 
not correlated with the rainfall intensity in both periods. The water level in the reservoir is significantly 
negatively correlated with the depth to groundwater in the overall observation wells. The relationship is more 
pronounced in the dry season as described early. On the other hand, the water level downgradient of the 
reservoir is not related with the groundwater level. This finding is significant as we can conclude that the 
groundwater level in the study area is fluctuated as an influence from the reservoir but not influenced by the 
rainfall rates. The overall groundwater level in the study area is found to change in the similar trend as the 
depth to groundwater measured from all observation wells is positively correlated to each other.  
Table 1. Correlation coefficients between measured variables in the rainy season. 
 Upgradient Downgradient Rainfall (mm) BDD BDY_S BLT BSL_J 
Upgradient 1.000       
Downgradient -0.181 1.000      
Rainfall (mm) -0.055 -0.259 1.000     
BDD -0.961 0.179 0.124 1.000    
BDY_S -0.853 0.031 0.257 0.950 1.000   
BLT -0.907 -0.033 0.047 0.911 0.889 1.000  
BSL_J -0.929 0.041 0.169 0.978 0.974 0.961 1.000 
5.3. Normalized rate of salinity change 
The average rate of change of the salinity per change of depth to groundwater is calculated and normalized 
by the groundwater EC. The value is shown in Fig.3. With the exception of BDY_S, BLS, and BSL_J, the 
normalized rate of change is moderately positive. This overall positive rate of change indicates that the 
groundwater level can be related to the salinity or in this context, EC. When the depth to groundwater 
increases, (the groundwater level is deep) as it is toward dry seasons, the groundwater tends to become more 
saline with higher EC values. When the groundwater is elevated to the surface, the groundwater becomes less 
saline as in rainy seasons. This is consistent with the study by GSA (2009). The high groundwater levels are 
sustained for a long period downstream of Baroota Reservoir in the Southern Australia, while there is no 
significant evidence of any corresponding change in salinities throughout the area. This indicates there is a 
level of resilience in groundwater salinity to such pressures (GSA, 2009).  
It is worth to note that condition at BDY_S, BLS, and BSL_J can imply the salinity risk to the soil surface 
as the groundwater rise to the top soil, it may transport dissolved salts to the ground. This salinity occurrence 
around reservoirs and dam sites can be found throughout the study area and the Khorat Plateau. (Dissataporn 
et al., 2002) 
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Fig. 3. Normalized rate of change of groundwater EC to change of depth to groundwater. 
6. Summary 
This research investigates the impact of reservoir storage to the subsurface condition. The study area is the 
Lower Nam Kam River basin in Nakhon Panom province in the northeast of Thailand, where the soil has been 
found to face the salinity problem prior to the reservoir was implemented in the floodplain. From this study, it 
is found that the groundwater level is well correlated to the level of the water in the reservoir. As the water in 
the reservoir rises and so the groundwater level measured from twenty-two observation wells. The rise of 
groundwater is however associated with non-saline groundwater with the exception of some locations. These 
locations therefore should be monitored over a long period since it implies the salinity risk as the result of the 
reservoir operation.  
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